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A pharmaceutical composition includes a core of an NSAID selected from ibuprofen and ibuprofen salts, which core is 
surrounded by an intermediate coating impermeable to the passage of ibuprofen and a mantle coating of a prostaglandin sur- 
rounding the coated ibuprofen core. 
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PHARMACEUTICAL COMPOSITION CONTAINING 
IBUPROFEN AND A PROSTAGLANDIN 

Background of the Invention 

The invention herein is directed to a new 
pharmaceutical composition which consists of a generally 
trilayer tablet having an inner core, an intermediate 
barrier coating and an outer mantle coating surrounding 
the inner core. The inner core includes the NSAID 
ibuprofen or a salt of ibuprofen. The mantle coating 
includes a prostaglandin, described hereinafter in more 
detail . 

Nonsteroidal ant i- inflammatory drugs (NSAIDs) comprise 
a class of drugs which have long been recognized as having 
high therapeutic value especially for the treatment of 
inflammatory conditions such as exhibited in inf lammatory 
diseases like osteoarthritis (OA) and rheumatoid arthritis 
(RA). While the NSAIDs present a beneficial therapeutic 
value they also exhibit undesirable side effects. An 
especially undesirable side effect of the administration 
of NSAIDs is the ulcerogenic effects generally associated 
with chronic use. The chronic use of NSAIDs , the use of 
high dosages of NSAXDi? and the use of NSAIDs by the 
elderly cap lead to NSAID induced ulcers. NSAID induced 
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ulcers in the stomach can be dangerous . Such ulcers 
generally exhibit little or few symptoms and may cause 
dangerous bleeding when undet cted. In some instances, 
bleeding ulcers can prove fatal. The United States Food 
and Drug Administration requires a class warning for all 
NSAIDs, which states: Serious gastrointestinal toxicity 
such as bleeding, ulceration, and perforation can occur at 
any time, with or without warning symptoms, in patients 
treated chronically with NSAID therapy. 

Certain prostaglandins have been shown to prevent 
NSAID induced ulcers. Acceptable prostaglandin compounds 
for the invention herein and their preparation are 
described in U.S. Patents 3,965,143, 4,060,691, 4,271,314, 
and 4,683,328. The prostaglandin compound commercially 
available under the USAN (United States Adopted Name) name 
misoprostol is a pharmaceutical ly acceptable prostaglandin 
which has been accepted for use in the treatment of NSAID 
induced ulcers in many countries, including the United 
States. Misoprostol is commercially available by 
prescription in such countries . 

While prostaglandins are beneficial compounds and have 
found therapeutic usage, prostaglandins are generally 
considered highly unstable. Therefore, it is desirable to 
find prostaglandins with the desired anti-ulcerogenic 
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properties and which can be stabilized or provided in 
stabilized formulations especially with respect to 



It would be desirable to provide a pharmaceutical 
composition which would exhibit the beneficial properties 
of an NSAID and which composition would exhibit the 
beneficial properties of a prostaglandin for countering 
(by inhibiting, reducing or preventing) the ulcerogenic 
side effects attendant to NSAID administration. 



The invention herein is directed to a pharmaceutical 
composition comprising a core consisting of an NSAID 
selected from ibuprofen and ibuprofen salts. An 
intermediate barrier coating surrounds the core. Such an 
intermediate coating prevents contact between the NSAID 
and the prostaglandin to thereby inhibit any deleterious 
or otherwise non-beneficial interaction of the NSAID and 
prostaglandin such as degradation of the prostaglandin by 
the NSAID. A mantle coating of a prostaglandin surrounds 
the core and intermediate coating. The prostaglandin 
preferably is an orally available prostaglandin. 



contemplated oral methods of delivery. 



Summary of the Invention 
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Acceptable prostaglandins for use herein include 



prostaglandins having the following structure 



o 



HO 




HO 




0 



COOR 



O 



HO 




COOR 



wherein R represents hydrogen or lower alkyl having 1 to 6 
carbon atoms, R x represents hydrogen, vinyl or lower 
alkyl having 1 to 4 carbon atoms and the wavy line 
represents R or S stereochemistry; R 2 , R 3 , and R 4 
are hydrogen or lower alkyl having 1 to 4 carbon atoms or 
R 2 and R 3 together with carbon Y form a cycloalkenyl 
having 4 to 6 carbon atoms or R 3 or R 4 together with 
carbons X and Y form a cycloalkenyl having 4 to 6 carbon 
atoms and wherein the X-Y bond can be saturated or 
unsaturated. 

An especially preferred pharmaceutical composition 
herein has a structure wherein the core comprises the 
NSAID ibuprofen in a therapeutic amount such as from 300 
to 800 milligrams (mg) , an intermediate coating comprising 
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a material impervious/ impermeable to the ibuprofen, and a 
mantle coating surrounding the core consisting of 
misoprostol in a therapeutic amount of 100 to 200 
micrograms (meg). An especially preferred intermediate 
coating can be formed from a crystalline-forming material 

•such as a sugar, and more specifically sucrose. 

The invention herein will be more fully understood 

with regard to the following brief description of the 

accompanying drawings and the following detailed 

description. 

Brief Description of the Drawings 

Figure 1 is a schematic representation of a tablet 
comprising the pharmaceutical composition herein. 

Detailed Description of the Invention 

The invention herein is directed to a pharmaceutical 
composition which is a generally trilayer tablet 
consisting of a core of the nonsteroidal anti-inf lammatory 
drug (NSAID), ibuprofen and ibuprofen salts. Ibuprofen is 
the USAN name for (+)-2-(p-isobutylphenyl )- 
propionic acid. Surrounding the core is an intermediate 
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coating of an impervious /impermeable material to the 
ibuprofen. An especially preferred intermediate coating 
can be formed from a crystalline forming material such as 
a sugar, and more specifically sucrose. Surrounding the 
core and intermediate coating is a mantle coating which 
consists of a prostaglandin of the structure 



wherein R represents hydrogen or lower alkyl having 1 to 6 
carbon atoms, R x represents hydrogen, vinyl or lower 
alkyl having 1 to 4 carbon atoms and the wavy line 
represents R or S stereochemistry; R_, R_ , and R 

2 3 4 

are hydrogen or lower alkyl having 1 to 4 carbon atoms or 
R 2 and R 3 together with carbon Y form a cycloalkenyl 
having 4 to 6 carbon atoms or R 3 or R 4 together with 
carbons X and Y form a cycloalkenyl having 4 to 6 carbon 
atoms and wherein the X-Y bond can be saturated or 
unsaturated. 



o 



o 




o 




BNSOOCID: <WO 91 1 6886 A 1 > 



WO 91/16886 



PCT/US91/02984 



o 



o 



7 . 



The pharmaceutical composition herein can be described 



schematically represents the preferred embodiment of the 
composition herein. 

Figure 1 represents a cross sectional view of a 
pharmaceutical composition herein. The pharmaceutical 
composition consists of a generally trilayer tablet 10 
which can have any geometric shape but, as is shown in 
Figure 1, is preferably a bi-convex tablet. It should be 
noted that a bi-convex tablet can have a cylindrical shape 
between the convex surfaces, although for ease of 
description herein an oval cross section is shown. The 
tablet 10 includes an inner core 12 which includes the 
NSAID consisting of ibuprofen or its salt. The inner core 
12 can be formulated by compressing the ibuprofen or 
ibuprofen salts in any suitable tableting equipment. 
Standard compression tableting techniques can be employed 
for forming the core. 

The ibuprofen can be present in any therapeutically 
acceptable amount. For normal dosing of ibuprofen, 
ibuprofen is administered in a dosing range from 400 mg to 
3200 mg per day. The Physicians' Desk Reference, 44th 
Edition, states that the recommended dosage for 
osteoarthritis and rheumatoid arthritis is 1200 to 3200 mg 



with regard to the accompanying drawings wherein Figure 1 
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per day in divided doses. For mild to moderate pain the 
recommended dosage is 400 mg every 4 to 6 hours as 
necessary for relief of pain. For dysmenorrhea the 
recommended dosage is 400 mg every 4 hours as necessary 
for the relief of pain. The inner core for the 
pharmaceutical composition herein therefore can be in an 
amount to accomplish such a dosing regimen and can contain 
from 150 to 800 mg of ibuprofen and preferably in a dosage 
of 400 mg. Various excipients can also be combined with 
the ibuprofen as is well known in the pharmaceutical art 
and including the inactive ingredients listed in the PDR 
44th edition for ibuprofen as sold under the brand name 
and trademark MOTRIN by The Upjohn Company. 

If the inner core is an ibuprofen salt, the ibuprofen 
salt can be present in a therapeutically acceptable amount 
as is referred to in the above discussion with respect to 
the acid. 

Surrounding the core 12 is a barrier or an 
intermediate coating 14. The intermediate coating 14 can 
be any suitable coating which prevents passage of the 
ibuprofen. Ibuprofen is a compound that exhibits 
sublimation. Therefore an intermediate coating material 
is selected from those materials which prevent the passage 
of such a gaseous phase. It has been found herein that 
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crystalline forming materials are impervious to ibuprofen 
in a gas phase. Any material which forms a crystalline 
structure can be used for the intermediate coating, An 
especially preferred class of compounds which can be used 
include crystalline forming sugars and more preferably 
sucrose. Sucrose is especially preferred as it exhibits 
crystalline properties at 55°C and it remains in the 
crystalline state and does not absorb any appreciable 
amounts of water up to a very high relative humidity value 
(84%). The intermediate coating 14 segregates the NSAID 
from the prostaglandin. The intermediate coating 14 
prevents the degradation of the prostaglandin by the 
presence of the NSAID. Studies have shown that an 
admixture of misoprostol and ibuprofen is undesirably 
unstable for a commercially acceptable product. Solid 
state stability studies have shown that misoprostol is 
extremely unstable in the presence of ibuprofen and 
degrades at a rapid rate. A 10:1 mixture of 
ibuprof en:misoprostol stored at 55°C yields only 44% 
misoprostol after 4 days and only 18% after storage at 
65°C for 3 days. It is, therefore, highly desirable to 
formulate a composition (dosage form) which would 
effectively separate the two active ingredients while 
providing a delivery system for each ingredient. 
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Additional studies have shown that an intermediate coating 
of certain polymers is unacceptable due to ibuprofen bleed 
through of the polymer which ibuprofen then interacts with 
and degrades the misoprostol. The intermediate coating 
can be coated onto the inner core using standard coating 
techniques. For example, aqueous or solvent coating 
techniques can be used to apply the coating to the inner 
core. 

_ The mantle coating 16 surrounds the inner core of the 
NSAID and the intermediate coating, encapsulating the 
intermediate coated NSAID core. The mantle coating 
includes of a prostaglandin and more preferably an orally 
available prostaglandin. The mantle coating can be 
applied by compression coating or solvent coating 
techniques such as are well known in the tableting art. 

The terms "prostaglandin" and/or its accepted acronym 
"PG" or, as more appropriately for the E-series 
prostaglandins, "PGE," are used herein to refer to 
naturally occurring or man-made E-series prostaglandins 
and their analogs and derivatives. 

It has been found herein that acceptable 
prostaglandins include the E x prostaglandins shown by 
the following Formula I 



o 
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E 2 prostaglandins shown by the following Formula II 



o 




and E 3 prostaglandins shown by the following Formula III 




wherein R represents hydrogen or lower alkyl having 1 to 6 
carbon atoms, Rj represents hydrogen, vinyl or lower 
alkyl having 1 to 4 carbon atoms and the wavy line 
represents R or S stereochemistry; R-, R_, and R, 

2 3 4 

are hydrogen or lower alkyl having 1 to 4 carbon atoms or 
R 2 and R 3 together with carbon Y form a cycloalkenyl 
having 4 to 6 carbon atoms or R 3 or R 4 together with 
carbons X and Y form a cycloalkenyl having 4 to 6 carbon 
atoms and wherein the X-Y bond can be saturated or 
unsaturated. 
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By lower alkyl is meant straight or branched chain 
alkyl such as methyl, ethyl, propyl, isopropyl, butyl , 
secondary butyl or tertiary butyl, pentyl, or hexyl with 
the indicated limitation of the number of carbon atoms. 
With regard to the illustrated structures, the dashed line 
indicates the grouping being behind the plane of the paper 
and the solid, blackened triangular shape indicates that 
the group is in front of the plane of the paper. 

_ It has been found herein that acceptable 
prostaglandins include the prostaglandin misoprostol 
represented by the following Formula: 




CH. 



OH 



OH 



the prostaglandin enisoprost, (+)methyl lla, 16-dihydroxy- 
l6-methyl-9-oxoprosta-4Z, 13E-dien-l-oate represented by 
the following Formula: 
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and the prostaglandin methyl 7-[ 2B-[6-( 1-cyclopenten-l-yl )- 
4-hydroxy-4-methyl-lE, 5E-hexadienyl ]-3a-hydroxy-5-oxo- 
1R, la-cyclopentyl ]-4Z-heptenoate represented by the 
following formula : 



With regard to the illustrated structures, the dashed 
line indicates the grouping being behind the plane of the 
paper and the solid, blackened triangular shape indicates 
that the group is in front of the plane of the paper. 

The prostaglandins useful in the composition herein 
can be prepared by known reaction schemes such as by the 
methods taught in U.S. Patents 3,965,143, 4,271,314 and 
4,683,328. The individual isomers can be obtained by 
chromatographic separation. 

When the prostaglandin is misoprostol, (+)methyl 
11a, 16-dihydroxy-16-methyl-9-oxoprost-13E-en-l-oate, the 
misoprostol can be present in an amount from 50 to about 
500 meg and preferably from 100 to about 200 meg. 

The invention will be further understood with regard 
to the following examples. 



o 
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Example l 

A pharmaceutical composition was prepared consisting 
of an ibuprofen central core, a sucrose intermediate 
coating and a misoprostol mantle. The tablet had the 
following composition. 

Component Unit Formula (mg) 

- ibuprofen 400.00 

prege latinized cornstarch 155.00 

croscarmallose sodium 43.00 

stearic acid 12.30 

acacia 5.00 

sugar (sucrose) 29.00 
misoprostol :HPMC dispersion (1:100) 

misoprostol 0.10 

hydroxypropyl methylcelluose 9.90 

colloidal silicon dioxide 4.60 

calcium sulfate 77.00 

starch U.S. P. 41.00 

HPMC 6 cps (Pharmacoat 606) 58.50 



0 
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Example 2 

A pharmaceutical composition was prepared consisting 
of an ibuprofen central core, a sucrose intermediate 
coating and a misoprostol mantle. The composition had the 
following composition. 

Component Unit Formula (mg) 

ibuprofen 600.00 

pregelatinized cornstarch 155.00 

croscarmallose sodium 43.00 

stearic acid 12.30 
acacia 5.00 

sugar (sucrose) 29.00 
misoprostol :HPMC dispersion (1:100) 
misoprostol 0.20 

hydroxy propyl methyl celluose* 20.0 
colloidal silicon dioxide 4.60 

calcium sulfate 77.00 

starch U.S .P. 41.00 

HPMC 6 cps (Pharmacoat 606) 58.50 
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A pharmaceutical composition is prepared consisting of 
an ibuprofen central core, a sucrose intermediate coating 
and a misoprostol mantle. The composition has the 
following composition. 



Component Unit Formula (mg) 

ibuprofen 800.00 

pregelatinized cornstarch 155.00 

croscarmallose sodium 43.00 

stearic acid 12.30 
acacia 5,00 

sugar (sucrose) 29.00 
misoprostol :HPMC dispersion (1:100) 
misoprostol 0.20 

hydroxy propyl methyl celluose* 20.0 
colloidal silicon dioxide 4. 60 

calcium sulfate 77.00 

starch U.S. P. 41.00 

HPMC 6 cps (Pharmacoat 606) 58.50 



« 
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Example 4 



The following polymers were evaluated as barriers to 
ibuprofen sublimation. The determination of their 
abilities to perform as a barriers was made by bromocresol 
green ( BCG) indicator or by misoprostol degradation. The 
BCG was applied in the outer coating rather than 
misoprostol. The BCG coating initially was a bright shade 
of blue when applied but as it came into contact with the 
acidic ibuprofen a color change occurred and shades of 
green to yellow were observed. 

Hydroxypropyl methylcellulose 6 cps (aqueous) 

Ethyl cellulose (aqueous) 

Eudragit E30D (aqueous) 

Eudragit E100 (ethanol) 

Polyvinyl alcohol (ethanol) 

Shellac (aqueous, ethanol) 

Polyvinyl acetate phthalate (aqueous) 

Cellulose acetate phthalate (methylene 

chloride-acetone) 

The observed stability data showed rapid and extensive 
misoprostol degradation for all of the polymer barriers 
tested. 
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The following chemical barriers were evaluated to 
determine their efficacy as barriers to ibuprofen as the 



Aluminum hydroxide/HPMC 
Aluminum hydroxide/Eudragit E30D 
Tricalcium Phosphate/HPMC 
— Calcium oxide/HPMC 

Magnesium hydroxide/HPMC 
Magnesium oxide/HPMC 

The observed stability data showed rapid and extensive 
misoprostol degradation for all of the chemical barriers 



acid molecule. 



tested. 
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The composition that is the. invention herein provides 
an ease of delivery of the NSAID ibuprofen for ins 
therapeutic value such as the alleviation of inflammation 
in a system which limits the undesirable side effects of 
, such NSAID therapy. That is, the composition herein 

consisting of a generally trilayer tablet provides a 
prostaglandin in combination with the NSAID ibuprofen 
whereby the prostaglandin can be administered for its 
beneficial therapeutic value in preventing and or 
inhibiting the incidence of NSAID induced ulcers. 

A particularly beneficial aspect of the invention 
herein is that the combination of the two components in a 
trilayer tablet assures compliance with the therapeutic 
regimen of the two active components. That is, a 
co-administration of the active components (ibuprofen and 
prostaglandin) separately can be difficult to achieve and 
can be difficult for a patient to faithfully follow. By 
placing the two active components in the same tablet or 
composition, adherence to the therapeutic regimen is 
controlled as the administration of the tablet containing 
the NSAID assures compliance of the administration of the 
prostaglandin. 
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The composition herein is especially utile as the 
composition herein exhibits a stability for the 
prostaglandin and the ibuprofen in such a fixed 
combination as herein described. 
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Claims 



A pharmaceutical composition comprising: 
a. a core consisting of an NSAID selected from 
ibuprofen and ibuprofen salts; and 
an intermediate coating surrounding the core 
a mantle coating surrounding the core consisting 
of a prostaglandin of the structural formula 



b. 
c . 




COOR 




COOR 




wherein R represents hydrogen or lower alkyl 
having 1 to 6 carbon atoms, R x represents 
hydrogen, vinyl or lower alkyl having 1 to 4 
carbon atoms and the wavy line represents R or S 
stereochemistry; R 2 , R 3 , and R 4 are 
hydrogen or lower alkyl having 1 to 4 carbon 
atoms or R and R- together with carbon Y 
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form a cycloalkenyl having 4 to 6 carbon atoms 
or R 3 or R 4 together with carbons X and Y 
form a cycloalkenyl having 4 to 6 carbon atoms 
and wherein the X-Y bond can be saturated or 
unsaturated. 



2. A pharmaceutical composition as recited in Claim l 

wherein the prostaglandin comprises a prostaglandin 
- of the structural formula 



3. A pharmaceutical composition as recited in Claim 2 
wherein the prostaglandin comprises misoprostol. 

4. A pharmaceutical composition as recited in Claim 1 
wherein the prostaglandin comprises the structural 
formula 



5. A pharmaceutical composition as recited in Claim 4 
wherein the prostaglandin comprises enisoprost. 



o 




o 
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7. 



8. 



9 . 



10. 



11. 
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A pharmaceutical composition as recited in Claim 1 
wherein the prostaglandin comprises a structural 
formula n 



A pharmaceutical composition as recited in Claim 1 
wherein the NSAID comprises ibuprofen. 

A pharmaceutical composition as recited in Claim 1 
wherein the NSAID comprises an ibuprofen salt. 

A pharmaceutical composition as recited in Claim l 
wherein the intermediate coating comprises a sucrose 
coating. 

A pharmaceutical composition as recited in Claim 1 
wherein the prostaglandin mantle coating comprises a 
stabilized prostaglandin formulation. 

A pharmaceutical composition as recited in Claim 1 
wherein the NSAID comprises ibuprofen from about 150 
to 800 mg, the intermediate coating comprises sucrose 
and the mantle coating comprises a stabilized 
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prostaglandin formulation containing about 100 to 200 
meg of misoprostol. 

12. A method of treating inflammation comprising 

administering to a patient in need of such treatment, 
a therapeutically effective amount of a composition 
according to Claim 1. 



e 
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